In May of this year, an outbreak of sudden, unexplained, and highly fatal respiratory illness of unknown etiology was identified in the four-corners region of the southwestern United States. Within 3 weeks after the collaborative response launched by the state and local health agencies in the affected area, laboratory studies from the federal Centers for Disease Control and Prevention suggested that an acute infection with a previously unrecognized Hantavirus species was responsible for the reported cluster of cases. The hantavirus associated with this outbreak has since been isolated in tissue culture, and diagnostic test systems specific for the newly identified hantavirus have been developed. This article summarizes the history of the outbreak as experienced by investigators from the Arizona Department of Health Services and reviews the epi-
The four-corners region is the only place in the United States where four states-Arizona, Colorado, New Mexico, and Utah--come together at a single point. However, to federal, state, and local health officials in the affected area, the four-corners region represents the locus of an intensive investigation into an outbreak of sudden, unexplained, and highly fatal respiratory illness. The illness has largely affected relatively young, previously demiologic and clinical aspects of both the current epidemic and hantaviruses in general.
The sudden occurrence of acute illnesses in the Southwest due to a previously unrecognized hantavirus reaffirms that the potential for the emergence of new infectious diseases exists at any place or time in the United States. The response to the outbreak also illustrates how community clinicians and federal, state, and local health agencies work together to promptly identify the emergence of new disease threats, rapidly determine new etiologic agents, and develop and swiftly implement appropriate disease prevention and control strategies.
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Particularly concerned with this outbreak are the health departments of Arizona and New Mexico as well as the Navajo Area Indian Health Service (IHS), the Navajo Nation, and the Centers for Disease Control and Prevention (CDC).The collaborative response launched in late May 1993 by the four state health departments, the two federal agencies, and the sovereign nation of the Navajo people and the rapidity with which a causative agent was identified have been unprecedented. The response to this newly emerging disease threat continues to consume the attention of each agency on a daily basis.
The Navajo Reservation is one of 19 reservations in Arizona and is the nation's biggest reservation. It covers about 29,000 square miles (about 16 million acres) and occupies the northeastern corner of Arizona with spillover into Utah and New Mexico. The Navajo Nation is the largest Indian tribe in the United States. Its population is about 100,000, many of whom live in Arizona. Some of the Navajo live in traditional tribal houses, called hogans, made of earth and logs. Many practice tribal religion and work as farmers or sheep ranchers, while still others work as engineers, miners, traders, technicians, or craftsmen.
This past winter and spring, record rainfalls fell on this beautiful, semi-arid, high desert plateau country, resulting in an abundance of vegetation. According to the Navajo oral historians, this was the third time this century that the much-sought-after pinon, or pine nuts, grew year round. With the ready availability of food and water, the rodent population thrived and propagated profusely.
History of the outbreak
In early May 1993, a "flu-like" syndrome developed in a 21-year-old woman residing in New Mexico, and rapidly progressed to acute respiratory distress, hypotension, and death. Five days later, after a 4-day prodromal illness, the woman's ''live-in'' boy friend experienced sudden respiratory distress, collapsed, and died. Eight days after the second patient's death, the woman's brother became similarly ill, as did his wife 4 days later.
Physicians with the Navajo Area IHS began to confer about these cases. They noticed similarities with other cases of unexplained death in previously healthy patients seen in the recent past at various other IHS units on the Navajo Reservation. Concurrently, the New Mexico Medical Investigator's office began to note similarities in cases they had recently examined. When the infectious disease physician at the Indian Medical Center in Gallup, NM, contacted the New Mexico Health Department's Infectious Disease Control office to discuss the case and seek assistance, an investigation of the previously described cluster among related family and household members was launched.
By Memorial Day weekend, surveillance for a flu-like illness followed by rapid onset ofunexplained respiratory failure was initiated in all four states. In Arizona, the first reports of suspected cases were received within 48 hours of notifYing county medical examiners and hospital emergency departments.
For surveillance purposes, a case at that time was defined as any person presenting with pro-1280 • JAOA • Vol 93 • No 12 • December 1993 dromal symptoms since January 1, 1993, and either: • radiographic evidence of unexplained adult respiratory distress syndrome (ARDS) or bilateral interstitial pulmonary infiltrates with hypoxemia, as evidenced by an oxygen saturation of less than 90% while breathing room air, without an identifiable cause, or • autopsy findings of unexplained noncardiogenic pulmonary edema occurring during 1993. Prodromal symptoms included fever or chills, severe muscle aches and pain, cough or shortness of breath, headache, abdominal pain, vomiting or diarrhea, or malaise-at least three of which had to be present. (Note: As of October 29, 1993, more refined clinical screening criteria, developed by the CDC in consultation with the Council of State and Territorial Epidemiologists, have been established for the purpose of national surveillance for persons with an illness similar to cases confirmed as part of the four-corners regional outbreak. 1 These criteria appear in the report of the Louisiana case by Steier and Clay on pages 1288 and 1289 in this issue of JAOA.)
Both the Arizona and New Mexico state health departments contacted the CDC to assist in the investigation. The first CDC contingent arrived in New Mexico Memorial Day weekend. During this weekend, a "conference of experts" took place comprised of representatives from each state health department, IHS, the Navajo Nation, and the University of New Mexico Medical Center. At this conference, information on each case was reviewed in detail and a broadly encompassing differential diagnosis list was developed that explained most, if not all, of each case's clinical presentation.
The early differential diagnoses considered both infectious and toxic agents. Bacterial etiologies included plague; mycoplasma, chlamydial, and rickettsial agents; anthrax; and ehrlichiosis. VIral etiologies included influenza, coxsackie virus, respiratory syncytial virus (RSV), adenovirus, and parvovirus. Phosgene, paraquat, and other agents associated with chemical warfare were also considered because of the location of an Army depot on the reservation. Consideration was later given to viral hemorrhagic fever based on the presence of gastric hemorrhage and conjunctival injection seen in one of the earlier reported cases. By June 7, a total of 24 cases meeting the clinical case definition and living in or near the fourcorners area were identified and under investi-gation. No historical or clinical data on these cases were tmcovered to suggest exposure to any known toxic agent. Laboratory tests for bacterial and viral pathogens were all negative, and initial autopsy findings suggested that bacterial or parasitic etiologies were unlikely. 2 In early Jtme, just less than 3 weeks after the investigation was initiated, results oflaboratory studies on sera and tissues from several cases under investigation, including the four index patients, suggested acute infection with a new species of Hantavirus. On November 20, 1993, the CDC annotmced the first isolation in tissue culture of the hantavirus responsible for cases of severe respiratory illness reported in the outbreak. Homologous antigen tests specific for the hantavirus associated with the outbreak have also been developed.
As of November 23, there have been 32 confirmed cases in the four-comers states with laboratory evidence of a hanta-like viral infection. Additional patients remain tmder investigation and await either confirmation by the CDC laboratory as to the presence of a hanta-like viral infection, or discovery and confirmation of another cause for their illness. Because some of the initial patients tmder investigation were reported long after their death or illness, the true cause of disease may never be known.
Although the epidemic curve (Figure i) for the four-comer states begins in late March 1993, two other cases have been confirmed in which the patients had their illness in 1992 and were related to contact in the four-comers region. When both confirmed and suspected cases are included in the epidemic curve, there appears to be a rise and fall in reported patients since the first of the year, with a peak in late May. Except for the small rise in cases during the third week of Jtme, however, the epidemic curve of only laboratory-confirmed cases ( Figure 2 ) has been relatively flat and unimpressive. Nonetheless, the potential for a change in this pattern over time, depending on local ecology and human activities, cannot be excluded.
Although Native Americans, mostly Navajo, make up more than half of the confirmed cases, cases among both non-Hispanic whites and Hispanics have been reported. Both males and females have been affected, with an age range between 12 and 69 years (mean 32 years). Although more than half of the cases have occurred among residents of New Mexico, about a third of cases have been confirmed among Arizonans. Most, if not all, of the Navajo Reservation patients from Arizona and Clinical practice' Sands et al New Mexico have been hospitalized at the University of New Mexico Medical Center in Albuquerque, where much of the clinical information has been collected about this illness, now referred to as hantavirus pulmonary syndrome (HPS).
Epidemiology of hantaviruses
The Hantavirus genus belongs to the Bunyaviridae family of hemorrhagic fever viruses and includes the causative agents of a group of febrile nephropathies known collectively as hemorrhagic fever with renal syndrome (HFRS). Rodents are the primary reservoir hosts of these enveloped RNA viruses and are responsible for the worldwide distribution of the currently recognized hantaviruses. Although infected rodents shed virus in saliva, urine, and feces for many weeks, hantaviruses do not cause apparent illness in their reservoir hosts. Human infection may occur when infective saliva or excreta are inhaled as aerosols produced directly from the animal. Arthropod vectors are not known to have a role in the transmission of hantaviruses. Person-to-person transmission has not been associated with any previously identified hantaviruses or with the recent outbreak. 3 Known hantavirus infections of humans occur primarily in adults and are associated with domestic, occupational, or leisure activities that bring humans into contact with infected rodents, usually in a rural setting. 3 Prominent characteristics of human disease associated with several of the known hantaviruses involve acute fever, tubular renal lesions and, in some instances, a life-threatening capillary leak syndrome accompanied by hemorrhagic manifestations. 4 Pulmonary involvement has not been a prominent feature of the known hantaviral syndromes.
There are at least five immtmotypes that vary in reservoir and geography.4 Each of the known hantaviruses is antigenic ally distinct as determined by cross-neutralization testing and confirmed by monoclonal antibody analysis. The geographic distribution of each immtmotype varies between viruses, and each is highly host-specific. In contrast to the hantavirus seen in the four-corners outbreak, the mortality rates have been as low as less than 1%. Based on documented exposure and onset of illness among cases reported in the current outbreak, incubation appears to be 1 to 5 weeks compared with up to 6 weeks for other known hantaviruses. Although the strain of hantavirus in the four-comers outbreak is different from the currently known types, it is antigenical-
Week of Onset ly similar to two of the known strains, Puumala and Prospect Hill. Tests done on blood specimens previously collected for other programs in 1991 and 1992 as part of the Navajo Health and Nutrition SUIVey have shown a very low preexisting seroprevalence (3 of 270 specimens, or 1%) of antibody to hantaviral antigen. 5 Of the positive serologic specimens found, all were IgG-positive and none were reflective of acute infection. These findings may indicate that hantaviral infection and illness may have been occurring sporadically over time before the current cluster of cases was recognized.
The current laboratory evidence ofhantavirus infection includes demonstration of antibody to antigens from other known hantaviruses, immunohistochemical evidence of hantavirus antigen in autopsy specimens, and amplification of hantavirus-specific RNA sequences by polymerase chain reaction (peR) assays performed on RNA extracted from autopsy specimens. This pattern of cross-reactivity in human convalescent and rodent serum specimens, the pattern of immunohistochemical reactivity, and the clinical syndrome in which ARDS is a prominent feature of disease suggest that a previously unrecognized hantavirus is responsible for this outbreak. 6 Initial data gained from rodent specimens collected from around case households and near and 1282 • JAOA • Vol 93 • No 12 • December 1993 far control specimens in the four-corners region strongly suggest that the deer mouse (Peromyscus maniculatus) is the primary reservoir of the newly recognized hantavirus. To date, close to 30% of deer mouse specimens have proved positive for hantaviral infection. Ser ologic evidence of infection has also been found in piiion mice (Peromyscus truei), brush mice (Peromyscus boylii), and western chipmunks (Tamias Spp). 3, 6 The deer mouse can be readily identified by its distinctive features and an appearance described by many as "cute." These features include large ears, dark eyes, and a long, sharply bicolored tail, white below and dark above. Its geographic distribution extends throughout much ofthe United States, with the exception of most of the southeastern and mid-Atlantic states. Peromyscus maniculatus is found in different habitats, including human residences in rural and serrillural areas, but generally not in urban centers. 2, 3 Clinical features In the four-corners outbreak, fever and myalgia have been present in all confirmed cases of HPS. In addition, HPS patients have had a variable constellation of other prodromal symptoms before the rapid progression of severe respiratory failure. Prodromal symptoms reported in more than half of the confirmed cases have included cough, Confirmed Cases (n = 31) 4 • Died • Survived Week of Onset shortness of breath, headache, abdominal pain, malaise, and vomiting/diarrhea.! Other clinical symptoms have been more variable. Anyone presenting with only coryza and sore throat most likely has another cause for his or her illness. Clinical signs at the time of admission are consistent with a toxic picture, including rapid breathing, a rapid heart beat, a fever in excess of lOO.5°F, and a low or declining blood pressure. Hypoxemia is very profound and may not be readily apparent in some patients until after exertion. Diffuse bilateral interstitial pulmonary infiltrates have been present in all HPS case-patients reported to date, typically developing within 2 days ofhospitalization.1 Chest roentgenogram findings have also included markings similar to congestive heart failure with normal lung volumes and normal-sized heart.7 Chest x-ray films have been known to progress to this type of pattern within a few short hours after initially being clear on admission.
The hematologic examination most commonly reveals an elevated white blood cell count well over lO,OOO/mm 3 , with immature forms, as evidenced by the presence of an increased number of banded neutrophils. Hemoconcentration generally is seen as evidenced by an increased hematocrit value. In addition to a low or decreasing platelet count, large atypical lymphocytes and metamyelocytes are frequently seen with a man-Clinical practice • Sands et al ual differential count. Coagulopathy has also been seen in more than half of the cases but has not been associated with disseminated intravascular coagulation.
Blood chemistry results on admission have been variable, and none is singularly characteristic for this syndrome. Both liver transaminase and serum lactate dehydrogenase levels tend to be elevated in more than three fourths of cases. The presence of a low serum albumin level has been striking in several cases and is believed to be reflective of a capillary leak syndrome as the underlying pathophysiology for HPS. Clinicians who treat many of these patients have observed a unique triad oflaboratory findings indicative ofhantavirus infection progressing to hypoxemia and pulmonary edema. These findings consist of a low or decreasing serum albumin level without administration of intravenous fluids, thrombocytopenia or a decreasing platelet count, and the presence of circulating immunoblasts. However, it is rare for all three laboratory findings to be present on initial examination. 8 Although histopathologic findings in the lung are characteristic of the illness, the degree of involvement varies among patients. Pathology findings have routinely included serious pleural effusions and heavy edematous lungs. Microscopic findings have included interstitial infiltrates or enlarged mononuclear cells in the alveolar septa, congestion, septal and alveolar edema with or without mononuclear cell exudate, focal hyaline membranes, and occasional alveolar hemorrhage. Unlike typical ARDS cases, cellular debris and neutrophils are present only in small amounts, if present at all. 1 Large atypical lymphocytes and immunoblasts have been found in other tissues, particularly liver, spleen, and lymph nodes. Hantavirus antigens have also been detected in tissue specimens through immunohistochemical staining, showing localization primarily in endothelial cells with marked accumulations in lung tissue. 1
Diagnosis
State health departments in the four-comers region continue to receive reports of patients suspected of having a hantavirus-related illness. Most do not end up being included in the current investigation as other etiologies for their illness are ultimately confirmed. Alternate etiologies have included bacterial pneumonia, necrotizing herpes pneumonia, meningococcal sepsis, and disseminated coccidioidomycosis.
Because many persons may have an unrelated prodrome that is clinically indistinguishable, the following guidelines have been developed by the Office of Infectious Disease Services of the Arizona Department of Health Services. These guidelines are intended to serve as a temporary algorithm for clinicians pending further delineation of the syndrome.
For persons presenting with a prodromal illness of fever/chills, cough/shortness of breath, headache, abdominal pain, vomiting/diarrhea, and/or myalgias without an evident cause, the following laboratory studies should be performed:
• complete blood cell count with a manual differential and platelet count; • measurement of serum electrolytes and carbon dioxide; • measurement of total serum protein and albumin levels; and • measurement of lactate dehydrogenase.
For persons with abnormalities in the preceding laboratory values and who have dyspnea or acute respiratory distress, the following additional studies should be performed:
• chest x-ray examination; • assessment of oxygen saturation with the patient breathing room air; • collection of a blood specimen for submission to the provider's state public health labora- Reporting physicians will be contacted by their state health department when their patients are confirmed to have a positive hantavirus test result by the CDC laboratory. All hantaviral testing conducted at this time is experimental, and such testing is not intended for medical management of the patients.
Treatment
Early in the outbreak when the causative agent was still unknown, broad-spectrum antibiotic therapy was recommended and included doxycycline and ceftriaxone. Amantadine hydrochloride was also recommended because influenza type A was the predominant strain seen in Arizona and New Mexico late in the 1992-1993 flu season, which extended longer than usual in both states. Although combination antibiotic therapy is no longer recommended, except when clinically indicated, amantadine is still being recommended as the CDC is expecting influenza type A to be the predominant influenza type this season and HPS prodromal symptoms are indistinguishable from those of influenza.
Intravenous ribavirin is currently being used as part of an investigational new drug study protocol approved by the Food and Drug Administration for the treatment of patients who are suspected to have HPS. Studies from the Far East using ribavirin to treat other hantavirus infections and experience in using ribavirin in the treatment of other viral hemorrhagic fevers suggest that intravenous ribavirin may also be successful in improving the clinical outcome of patients infected with the hantavirus strain associated with the recent outbreak if administered early in the course oftheir illness. 9 Preliminary data suggest that intravenous ribavirin might improve the probability for survival, but the number of patients enrolled with available data has been small and the improved survival rates among later cases could be due to improved clinical management and earlier recog-nition of illness leading to earlier case identification and treatment.
Prevention and control
Eradicating the reservoir hosts of hantaviruses is neither feasible nor desirable. The best currently available approach for disease control and prevention is risk reduction through environmental hygiene practices that deter rodents from colonizing the home and work environment. The CDC has recently published interim recommendations for reducing hantaviral risks. 3 1t is based on principles of rodent and infection control and contains specific recommendations for reducing rodent shelter and food sour ces in and around the home; recommendations for elimina ting rodents inside the home and preventing them from entering the home; precautions for prevention of hantavirus infection while rodent-contaminated areas are being cleaned; preventive measures for persons who have occupational exposure to wild rodents; and precautions for campers and hikers.
The role and perspective of traditional Navajo healers
In the early days of the outbreak, IRS physicians met with traditional Navajo spiritual leaders at the tribal capital in Window Rock, Ariz. At this meeting, the spiritual leaders speculated on potential causes for the disease under investigation, ranging from disharmony between young Navajo and their culture to physical changes in the land. Their sense was that many of the young people had strayed from the tr aditional Navajo ways, resulting in a profound disturbance in the harmony of this world and reflected by disease among their people.
There is considerable reliance on the oral tradition in the Navajo culture, and the traditional healers and medicine men serve this function as tribal historians. As previously mentioned herein, this role was evidenced at the meeting when the healers noted that the unusually wet year had brought an abundance of vegetation to the reservation and a larger rodent population.
Rodents also have a place as symbols in the Navajo tradition. It is their belief that the mouse brought the seeds to earth which established the . present day ecosystem enabling humans and oth-Clinical practice • Sands et al ers to survive, and is therefore respected as the "landlord of the world" for all living things. Understanding the significance of this belief has been important in reinforcing traditional views on housecleaning and avoidance of rodent contact as part of the community education effort currently taking place on the reservation.l o Comment It is important to recognize the work done by all four state health departments, the CDC, the IRS, and the Navajo Nation and the tremendously positive spirit of collaboration that each agency has put forward. The response to this outbreak has been a true team effort in every sense of the term. As a result, most everyone involved has come away with an increased awareness and respect of both the methods used by traditional healers and the dynamic link between humans and the ecosystems within which they live.
